Inhibition of ATP citrate lyase induces an anticancer effect via reactive oxygen species: AMPK as a predictive biomarker for therapeutic impact.
De novo lipogenesis is activated in most cancers. Inhibition of ATP citrate lyase (ACLY), the enzyme that catalyzes the first step of de novo lipogenesis, leads to growth suppression and apoptosis in a subset of human cancer cells. Herein, we found that ACLY depletion increases the level of intracellular reactive oxygen species (ROS), whereas addition of an antioxidant reduced ROS and attenuated the anticancer effect. ACLY depletion or exogenous hydrogen peroxide induces phosphorylation of AMP-activated protein kinase (p-AMPK), a crucial regulator of lipid metabolism, independently of energy status. Analysis of various cancer cell lines revealed that cancer cells with a higher susceptibility to ACLY depletion have lower levels of basal ROS and p-AMPK. Mitochondrial-deficient ρ(0) cells retained high levels of ROS and p-AMPK and were resistant to ACLY depletion, whereas the replenishment of normal mitochondrial DNA reduced the levels of ROS and p-AMPK and restored the sensitivity to ACLY depletion, indicating that low basal levels of mitochondrial ROS are critical for the anticancer effect of ACLY depletion. Finally, p-AMPK levels were significantly correlated to the levels of oxidative DNA damage in colon cancer tissues, suggesting that p-AMPK reflects cellular ROS levels in vitro and in vivo. Together, these data suggest that ACLY inhibition exerts an anticancer effect via increased ROS, and p-AMPK could be a predictive biomarker for its therapeutic outcome.